Introduction {#sec1}
============

The presence of a malignant tumour is a specific example of the deep interference of the disease itself, and anticancer therapy, in metabolism and homoeostasis. Therefore, a common manifestation of the development of a neoplastic disease is a progressive loss of body weight and varying degrees of malnutrition, which constitutes a important problem in oncology.

According to available data, the percentage of patients with observed abnormal nutritional status is significant -- it is in fact between about 40 to as much as over 80 per cent, depending on, e.g., the location of the tumour and the neoplasm stage \[[@cit0001]--[@cit0005]\]. It is worth mentioning that cachexia and cancer anorexia-cachexia syndrome (CACS) are metabolism and energy disturbances specific for neoplastic diseases. In accordance with the international consensus they are multifactorial clinical syndromes with extremely complex etiopathogenesis and characterized by a progressive loss of lean body mass, functional disorders, and a varied degree of impaired appetite \[[@cit0006]\].

It is an important fact that these deficiencies constitute a continuum of a clinical form of pre-cachexia, cachexia, and refractory cachexia. According to one of the existing classifications -- the SCRINIO *Working Group Classification* -- there are four degrees/classes of severity, from asymptomatic pre-cachexia (Class I -- weight loss \< 10% without noticeable appetite impairment) to full-blown cachexia (Class IV -- weight loss\> 10% of accompanying fatigability, anorexia, or early feeling of satiety) \[[@cit0007], [@cit0008]\].

Malignant tumours are in fact a heterogeneous group of diseases; therefore, metabolic abnormalities and nutritional problems may be different depending on the type, location, and stage of tumour.

In the available literature there is relatively little data on the nutritional status and nature of nutritional problems in patients with colorectal cancer (CRC) qualified for chemotherapy / systemic therapy. It seems interesting to determine the percentage of people meeting the criteria of the early stages of cachexia (pre-cachexia), as well as possible relationships between dietary aspects and the quality of life, and the overall performance state in this group of people.

Aim of the study {#sec2}
================

The aim of this study is a prospective and comprehensive assessment of nutritional status including the assessment of appetite, quality of life, and overall performance state of patients with CRC at II--IV clinical stage, who are qualified to begin chemotherapy. It seems that the knowledge of these issues can be applied into clinical practice.

Material and methods {#sec3}
====================

The study received approval of the Ethics Committee of the Medical University of Gdansk. Informed consent was obtained from all individual participants included in the study. Seventy-five persons aged 40--86 years (65.7 ±10.2), 43 males (M) and 32 females (F), were examined. The study was conducted in the Department of Oncology and Radiotherapy in the Medical University of Gdansk. Patients were treated by an oncologist, and nutritional assessment was performed by an internal medicine physician.

All patients had histopathologically confirmed diagnosis of colorectal cancer. The locations of the tumours were as follows:

-   caecum 3 persons (4.0%),

-   ascending colon 44 persons (58.6%),

-   sigmoid colon 12 persons (16.0%),

-   rectum 16 persons (21.3%).

Based on the TNM classification, 17 persons had fourth stage (22.6%), 40 persons (53.3%) had third stage, and 18 persons (24.0%) had the second stage. Metastases to lymph nodes were diagnosed in 28 persons. Distant metastases: lung, ovary, liver, bladder, kidney, and adrenal glands were found in 21 persons. Five patients (6.7%) were in the second clinical stage, 51 patients (68%) -- in the third stage, and four patients (5.3%) -- in the fourth stage.

Patients were qualified to receive treatment with chemotherapy. 41.0% of patients in the study were qualified to receive FOLFOX regimen, and the remnaining patients were qualified to the following regimens FOLFIRI, LF, CLF, and XELOX.

The following methods were used in the study:

-   body mass measurement with the use of the Tanita BC 420 scale;

-   body mass index calculation (*BMI*) based on the following formula:

    1.  -- BMI = body weight/height^2^ (kg/m^2^).

BMI classification was adopted:

-   \< 18.5 -- underweight,

-   18.5--24.9 -- normal body weight,

-   25.0--29.9 -- overweight,

-   \< 30.0 -- obesity.

Also, the following scores were used:

-   Nutritional Risk Screening (NRS 2002), Subjective Global Assessment (SGA), Visual Analog Scale for Appetite (VAS), Functional Assessment of Anorexia/Cachexia Therapy (FACCT), and the Karnofsky score to quantify patients' performance status.

-   NRS 2002 -- a given score is given to a patient based on unintentional weight loss, BMI, consumption quantity, clinical condition, and age. Gaining three or more points means a risk of malnutrition.

-   SGA -- based on this method, consisting of an interview, unintentional weight loss, clinical status, and physical examination, patients were qualified to the following groups: well-nourished (7 or 6 points), moderately malnourished (5, 4, or 3 points), and severely malnourished (1 or 2 points).

-   VAS, FACCT forms were completed by patients based on their feelings regarding appetite and well-being during the previous seven days.

-   VAS for appetite is represented by a 100-mm line where 0 mm means "I had no appetite at all" and 100 mm means "My appetite was very good". The VAS score is obtained by measuring the distance (in millimetres) from 0 point "I had no appetite at all" to the point selected by a patient.

-   The lower the score - the worse the appetite. It was assumed that below 70 mm the appetite is moderately reduced, and below 50 mm it is severely reduced (weak).

-   FAACT is a measure of the quality of life and it is completed by a patient; it has a total of 42 questions. Patients mark 0 (none) to 4 (very much) for each question. This tool consists of five subscales: functional well-being (7 items), physical well-being (7 items), social/family well-being (7 items), emotional well-being (6 items), and other aspects, including appetite (13 items).

-   The maximum score is 168. The lower the score, the lower the overall quality of life.

-   The Karnofsky score allows us to quantify the overall state and quality of life of a patient with neoplastic disease, who qualifies to receive chemotherapy. The score has a range from 0 to 100, where 100 represents the ideal state and 0 represents death.

-   Pre-cachexia was diagnosed on the basis of SCRINIO *Working Group Classification*, i.e.

    1.  -- unintentional weight loss in the past 6 months \< 10%,

    2.  -- no anorexia.

The cachexia was diagnosed when the weight loss was \> 10% in the past 6 months.

Statistical analysis {#sec3.1}
--------------------

Results are expressed as percentages (for categorical variables), mean and standard deviation, or median and interquartile range, as appropriate. The assumption of normality was verified with the Kolmogorov-Smirnov test. A *p*-value \< 0.05 was considered to be statistically significant. To assess correlations among the evaluated variables, Pearson's correlation coefficient (*r*) was used. Statistical processing of the results was performed with the use of the statistical software STATISTICA PL v 12.0 (Statsoft, Krakow, Poland).

Results {#sec4}
=======

In the study group the mean unintentional weight loss during the previous six months was 6.7 kg (median 6 kg) and ranged from 1.1 kg to 15.0 kg. The mean BMI was within normal limits and was 24.5.

The percentage of underweight, overweight, and obese patients is shown in [Fig. 1](#f0001){ref-type="fig"}.

![The percentage of patients in each BMI category](WO-21-30177-g001){#f0001}

The positive correlation between age and BMI (R = 0.3, *p* \< 0.05) and also between BMI and SGA (R = 0.3, *p* \< 0.05) and NRS 2002 (R = --0.4; *p* \< 0.05) were observed.

The results of NRS 2002 assessment: 57 persons (76%) in the study group received three or more points, which indicates the risk of malnutrition or malnutrition and indicates the need for nutritional intervention. SGA: similarly, 55 persons (73.3%) were classified as presenting a moderate malnutrition group (received 5, 4, or 3 points) and two persons (2.7%) -- a group of significantly malnourished persons (received 2 points).

The results of appetite evaluation made with the use of VAS are shown in [Fig. 2](#f0002){ref-type="fig"}. 37.0% (*n* = 28) of patients had moderate appetite and 6.0% (*n* = 5) of patients had poor appetite.

![The percentage of patients with reduced appetite](WO-21-30177-g002){#f0002}

The Karnofsky score results ([Table 1](#t0001){ref-type="table"}) indicate the state of normal activity, with minor signs and symptoms of the disease among the majority of patients. A statistically significant positive correlation between VAS and the Karnofsky score can be seen (R = 0.4; *p* \< 0.05).

###### 

Characteristics of the patients

  --------------------------------------------
  Parameters              Study group\
                          (*n* = 75)
  ----------------------- --------------------
  BMI (kg/m^2^)           25.1 ±3.9\
                          range 17.1--37.1\
                          median 24.5

  Body fat (%)            26.7± 9.7\
                          Range 9.9--44.4\
                          Median 26.0

  Body fat (kg)           19.2 ±9.3\
                          Range 4.3--44.0\
                          Median 18.0

  Fat Free Mass (kg)      50.2 ±9.2\
                          Range 39.6--75.8\
                          Median 47.1

  Muscle Mass (kg)        47.8 ±8.7\
                          Range 29.0--72.1\
                          Median 45.0

  Total Body Water (kg)   34.7 ±6.6\
                          Range 20.0--51.2\
                          Median 33.1

  Total Body Water (%)    50.7 ±6.6\
                          Range 39.3--65.6\
                          Median 50.1

  NRS 2002 (points)       2.9 ±0.6\
                          Range 2.9--5.0\
                          Median 3.0

  SGA\                    4.8±0.9\
  (points)                Range 2.0--6.0\
                          Median 5.0

  VAS (cm)                6.8 ±2.3\
                          Range 1.0--10.0\
                          Median 7.0

  KARNOFSKY SCORE (%)     90.5±7.7\
                          Range 60.0--100.0\
                          Median 90.0

  FACCT (points)          76.3±15.5\
                          Range 35--114\
                          Median 78.5
  --------------------------------------------

Data presented as mean ± SD, range, and median

The FACCT average score (78.5 points) indicates a reduction in the quality of life of the patients in all aspects of functioning.

Based on the SCRINIO *Working Group Classification* 56 patients (75%) had precachexia (average weight loss in this group was 8%).

Cachexia was diagnosed in 19 persons (25% of patients).

Discussion {#sec5}
==========

The results confirm the existing problem of disturbance in the nutritional status of patients with CRC. Although severe eating disorders (anorexia) were not confirmed in the majority of patients and the median/average BMI was within the range of reference values, the average weight loss was greater than 5% in the preceding 6 months, which should be considered clinically relevant.

Other studies also confirm the occurrence of abnormal nutritional and weight loss in patients with CRC, but the data on this issue in the literature are rather scarce. For example, in one study weight loss was observed in more than half of the patients before any surgical treatment, and one in five patients was malnourished \[[@cit0009]\]. On the other hand, other authors observed a weight loss of over 5% in 23.5% of patients and hypoalbuminaemia in more than 35% patients \[[@cit0010]\].

Based on the results of this study, it was concluded that severe malnutrition or actual cancer cachexia do not often occur in patients with CRC, but the first stage of it -- precachexia -- was observed in a significant number of patients. Based on SCRINIO *Working Group Classification* criteria, precachexia was found in almost 3/4 of the patients.

It is an important observation that the first stage of cachexia is reversible by appropriate feeding behaviour (as opposed to the symptoms of cachexia, which by definition is irreversible using only nutritional support). Thus, dietary intervention initiated in time gives the most clinical benefit to the patient, which can be significant.

The negative metabolic and nutritional effects of a neoplastic disease have a close relationship with poor quality of life and overall performance state, limiting the possibility of a causal treatment, reduction of its efficacy and tolerance, and worsened prognosis. Neoplastic cachexia is a powerful independent adverse prognostic factor.

Many studies have confirmed these relationships as well as the positive impact of appropriate nutrition intervention, which is preceded by a comprehensive assessment of nutritional status.

For example, it was observed that patients with gastrointestinal neoplasms experienced worse results of surgical treatment in the case of poor nutritional status as well as delayed and inadequate nutritional support after surgery \[[@cit0011]\]. In contrast, other researchers found that the presence of neoplastic cachexia is associated with worse function of lungs, shorter overall survival (OS), and a lower overall performance state in patients with pancreatic cancer. Moreover, the weight loss of 5--10% correlates with reduced possibility for tumour resection, while a low BMI and low preoperative serum albumin (one of the malnutrition markers) correlates with prolonged hospitalisation of patients with resectable tumours \[[@cit0003], [@cit0012], [@cit0013]\].

In the group of patients with ovarian cancer an opposite correlation between preoperative serum albumin and OS is confirmed; at albumin level \<25 g/l the average survival was 4.8 months, and at a level of \> 35 g/l -- 43.2 months \[[@cit0014]\]. Another study has confirmed that patients with moderate or severe malnutrition have lower rates of five-year OS than patients without signs of malnutrition or mild malnutrition (respectively: 45.3% vs. 64%). Similarly, the median progression-free survival (PFS) is lower in this group (15 vs. 28 months) \[[@cit0015]\].

It is also very important to pay attention to nutritional aspects in patients undergoing chemotherapy or combined chemoradiotherapy. Still, the very important role of striving to improve or maintain proper nutritional status before starting an aggressive therapy must be stressed. It has been stated that malnutrition and hypoalbuminaemia significantly increases the toxicity of chemotherapy/chemoradiotherapy. In contrast, an early assessment of nutrition and implementation of nutritional support, if necessary, can bring significant clinical benefits \[[@cit0007], [@cit0016], [@cit0017]\].

The above-listed concerns confirm the enormous impact of comprehensive nutritional care as integrally connected with a causal therapy and/or symptomatic treatment for cancer patients. As already mentioned, nutritional intervention should begin with a nutritional status assessment, information on current nutritional problems, and a specific treatment employed.

In a large retrospective analysis involving more than 40,000 patients with CRC, postoperative mortality was significantly higher in patients with hypoalbuminaemia, weight loss, and low BMI (\< 18.5 kg/m^2^); hypoalbuminaemia (\< 3.5 g/dl) was a powerful factor, which correlated with longer duration of hospitalisation and an increase in the number of complications. Therefore, malnutrition in the preoperative evaluation is associated with increased postoperative morbidity, mortality, and prolonged hospitalisation in patients with CRC \[[@cit0018]\].

Negative clinical implications of suboptimal nutritional status not only concern patients who are treated surgically, but in principle every method of anticancer therapy -- both local and systemic.

Regarding systemic treatment, especially chemotherapy, it has been confirmed that it has significantly increased toxicity and reduced efficacy in malnourished patients.

A strong correlation between nutritional status indicators such as body weight, BMI and serum albumin, and overall survival (OS) has been reported in patients with unresectable or relapsed CRC, and who were given chemotherapy \[[@cit0019]\]. Similarly, the loss of muscle mass (lean body mass) of \> 9% during chemotherapy has been associated with lower rates of survival in patients with metastatic CRC \[[@cit0020]\]. Therefore, poor nutritional status before and during chemotherapy proves to be an independent prognostic factor \[[@cit0019], [@cit0020]\].

Worse nutritional status also correlates with worse quality of life and overall performance status. These relationships have been confirmed in this study by indicating the existence of a correlation between BMI and FACCT (*Functional Assessment of Anorexia/Cachexia Therapy*) questionnaire score as well as between appetite and overall performance status (according to the Karnofsky score).

In the literature, we also found references to these issues by stating the relationship between weight loss, the development of cachexia, and the poor overall performance status and quality of life in patients with CRC \[[@cit0021], [@cit0022]\]. By contrast, patients who are better nourished have significantly better quality of life and functioning abilities \[[@cit0021]\].

The positive significance of individual nutritional counselling, special nutritional education, and implementation of nutritional support in patients with CRC is emphasised in the literature. Their beneficial effect on the improvement of appetite, increased intake of nutrients, reduction of weight loss, reduction in morbidity associated with cancer treatment, and improved prognosis, including long-term prognosis, has been confirmed \[[@cit0022]--[@cit0026]\].

In conclusions, the evaluation of baseline nutritional status of patients with CRC should be a part of routine clinical practice. Because of the high incidence of confirmed precachexia, this group of patients also requires early adequate nutrition intervention.
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